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What Will Limit Performance When Floating Point Operations are Free? 

Machine Year Flops $/Gflop 

DEC VAX 1978 97,000 $2,000,000,000 

(8) NVIDIA GPUs 2014 9,430,000,000,000 $10 

Ratio ~100,000,000 ~200,000,000 

HP SL270 Server with (8) NVIDIA K40m GPUs – [Matrix]Warrior benchmark 



FMSlib.com - Solves BIG Problems 

Computer Evolution 
Memory 

Registers 

ALU (*+) 

Early Machines 
Limited by Floating Point & Storage 

Processing speed    =   Memory speed 
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Reuse  Efficiently linking slower input to faster requirement 

• Reuse = Number of times a data 

element is used in a computation. 

1/Sec. 1/Sec. 

Reuse = 1 

cache 

1/Sec. 10/Sec. 

Reuse = 10 

cache 

Old machines: Low Reuse 

New machines: High Reuse 
 

Just an example:  can be much higher than 10 
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Cache 

High Reuse 
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Low Reuse 
Limited by Memory Bandwidth 

GPU 

Hierarchical Memory Systems 
Processing speed >> Memory speed 

Disk Early Machines 
Limited by Floating Point & Storage 

Processing speed    =   Memory speed 

Reuse 

Computer Evolution 

Migrate 
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BLAS 1 Reuse 

C(M,N) A(M,K) B(K,N) 

= 

 DO 30 J=1,N 

  DO 20 I=1,M 

   DO 10 L=1,K 

    C(I,J) = A(I,L)*B(L,J) 

10   CONTINUE 

20  CONTINUE 

30 CONTINUE 

When  M=N=K 

C(N,N) A(N,N) B(N,N) 

Cij 

Flops 

Data 

2N 

(2N+1) 
= ~ 1 

BLAS Function Data Flops Reuse 

1 DDOT 2N+1 2N 1 
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= 

 DO 30 J=1,N 

  DO 20 I=1,M 

   DO 10 L=1,K 

    C(I,J) = A(I,L)*B(L,J) 

10   CONTINUE 

20  CONTINUE 

30 CONTINUE 

C(N,N) A(N,N) B(N,N) 

Flops 

Data 

2N2 

(N2+2N) 
= ~ 2 

BLAS Function Data Flops Reuse 

1 DDOT 2N+1 2N 1 

2 DGEMV N2+2N 2N2 2 

BLAS 2 Reuse 
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C(M,N) A(M,K) B(K,N) 

= 

 DO 30 J=1,N 

  DO 20 I=1,M 

   DO 10 L=1,K 

    C(I,J) = A(I,L)*B(L,J) 

10   CONTINUE 

20  CONTINUE 

30 CONTINUE 

C(N,N) A(N,N) B(N,N) 

BLAS Function Data Flops Reuse 

1 DDOT 2N+1 2N 1 

2 DGEMV N2+2N 2N2 2 

3 DGEMM 3N2 2N3  2N/3 

Flops 

Data 

2N3 

3N2 
= = 2N 

3 

BLAS 3 Reuse 
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Reuse – Small Data 
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C(M,N) A(M,K) B(K,N) 

= 

C(N,N) A(N,N) B(N,N) 

System Memory 

GPU 
Cache 

CPU 

BLAS Function Data Flops Reuse 

1 DDOT 2N+1 2N 1 

2 DGEMV N2+2N 2N2 2 

3 DGEMM 3N2 2N3  2N/3 

Reuse – More Data 



FMSlib.com - Solves BIG Problems 

Reuse – Big Data 

C(M,N) A(M,K) B(K,N) 

= 

C(N,N) A(N,N) B(N,N) 

Disk System Memory 

GPU 
Cache 

CPU 

BLAS Function Data Flops Reuse 

1 DDOT 2N+1 2N 1 

2 DGEMV N2+2N 2N2 2 

3 DGEMM 3N2 2N3  2N/3 
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Application Reuse 
Discretization 

 

1. Domain is divided into a large number of pieces. 

2. Equations are formed for each piece [a], {b} 

3. Pieces are assembled into a global system of equations 

[A]{X} = {B} 

4. The system is then solved for the solution {X} 

 
More pieces gives better answer 

 

More pieces = more data and processing 
 

∴ Machine (speed, storage) determines accuracy 
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Solving [A]{X}={B}   Explicitly 
(+)   Minimum data 

(-)   Low reuse: BLAS 2 

(-)   Indirect addressing 

(-)   Limited by memory size 

(-)   Many iterations 

(-)   Convergence risk 

(-)   Data dependent 

(-)   Unpredictable run times 

(-)   Multiple solutions 

(-)   Stability -> small increments 

Compute Error {E}, 

{E} = [A]{X1} - {B} 

Initial {X} 

    

Update {X} 

{X2} = {X1} - α{E} 

Done? 

= - 

[A] {X} {B} {E} 

Low reuse 
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Factor [A] 
Symmetric 

   [L][D][L]T 

Nonsymmetric 

   [L][U] 

(-)   Fill data 

(+)   High reuse: BLAS 3 

(+)   Incremental addressing 

(+)   One iteration 

(+)   No convergence risk 

(+)   Data value independent 

(+)   Predictable run times 

(+)   Multiple solutions 

(+)   Unconditionally stable 

[A] {X} {B} 

= 

Solve 
Symmetric 

   [L][D][L]T {X}= {B} 

Nonsymmetric 

   [L][U] {X} = {B} 

High reuse 

Solid State Disk (SSD) 

and 

Shingled Magnetic Rec.(SMR) 

WORM 
Disk 

Solving [A]{X}={B}   Implicitly 
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* + 

(6)(8)/2 = 24 Bytes/flop 

* 

+ 

Fused Multiply-Add 

2008: IEEE 754 

(4)(8)/2 = 16 Bytes/flop 

* 

+ 

Dot Product 

(2)(8)/2 = 8 Bytes/flop 

Hardware  Reuse 
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= 

* 

+ 

{A} 

A 

{B} 

B 

c 

c 

c 

c 

{B} 

B 

Vector Dot Product 

(1)(8)/2 = 4 Bytes/flop 

Floating Point Systems 164 

First 64-bit accelerator 

First version of FMSlib 

Hardware  Reuse 
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= 

* 

+ 

* 

+ 

* 

+ 

A 

{B} 

B 

c 

c 

Vector Dot Product 

(1)(8)/2 = 4 Bytes/flop 

A1 An 

{B} Broadcast 
{An} 

{A1} 
c1 

Parallel Vector Dot Product 

(1/N)(4) = (4/N) Bytes/flop 

c1 
cn 

FMSlib Accelerator 

Hardware  Reuse 

cn 

N 
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Low Reuse 

Applications 

Low Reuse 

Hardware 

Compiler 
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Migrating to High Reuse 

Low Reuse 

Applications 

Low Reuse 

Hardware 

Compiler 

2. High Reuse 

Applications 

3. High Reuse 

Hardware 

Compiler 

1. Generic 

High Reuse 

Libraries 
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Migrating to High Reuse 

Low Reuse 

Applications 

Low Reuse 

Hardware 

Compiler 

[Matrix] 

Warrior 

HP SL270 

8-GPU Server 

Compiler FMSlib 
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Explore Reuse 
Download and run [Matrix]Warrior, an application 

which benchmarks and demonstrates FMSlib 

FMSlib 

          [Matrix]Warrior                

• Form [A], {B} with test data 

 

• Use FMSlib to solve 

[A]{X}={B} 

 

• Display reports as WEB pages 
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Q:  What Will Limit Performance  
When Floating Point Operations are Free? 

 

1. Compiled low reuse software 

2. Lack of generic high reuse libraries 

3. Lack of high reuse hardware 



NVIDIA GTC Presentations 

More Information: 

FREE Download 
[Matrix]Warrior 

fmslib.com 

This Presentation 


